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In this issue of Cell Stem Cell, Kanatsu-Shinohara et al. (2008) show that b1-integrin participates in normal
spermatogenesis and is required for spermatogonial stem cell (SSC) homing to the basal membrane niche.
The methodology used provides a powerful tool to study the role of other factors in niche-SSC interactions.
In recent years, much has been learned
about the growth factors that govern
self-renewal and differentiation of sper-
matogonial stem cells (SSCs), and new
insights as to the in vivo location of this
population have also been obtained. Now,
another dimension of knowledge of the
regulatory mechanisms that govern SSC
behavior has been added by Kanatsu-
Shinohara et al. (2008), who
show that the adhesion mole-
cule b1-integrin plays an es-
sential role in the localization
and function of these cells.
SSCs can self-renew or
give rise to immature sper-
matogonia that, in turn, enter
the differentiation pathway,
and, after a number of divi-
sions, become spermato-
cytes (de Rooij and Russell,
2000). All SSCs and sper-
matogonial cell types are sit-
uated on the basal mem-
brane of the seminiferous
tubules among Sertoli cells,
the somatic supporting cells
for this lineage (Figure 1). Ser-
toli cells produce growth
factors that regulate SSC
function as well as spermato-
gonial differentiation. Glial
cell line derived neurotrophic
factor (GDNF) and fibroblast
growth factor 2 (FGF2) en-
hance self-renewal while
activin A and bone morpho-
genic protein 4 (BMP4) stimu-
late differentiation of SSCs
(Goriely et al., 2005; Kubota
et al., 2004; Meng et al.,
2000). Furthermore, it has be-
come clear that SSCs are not
randomly distributed over the basal mem-
brane of the tubules but are located pref-
erentially in areas close to the interstitial
tissue (Chiarini-Garcia et al., 2001; Yosh-
ida et al., 2007) (Figure 1).
The new paper by Kanatsu-Shinohara
et al. offers two remarkable features that
advance the SSC field. First, the authors
show that after transplantation of SSCs
into the lumen of the seminiferous
tubules, b1-integrin on both SSCs and
Sertoli cells is required for SSCs to
home to their normal location at the basal
membrane. Clearly, such movement does
not occur in a normal testis, since SSCs
would never naturally locate in the
seminiferous tubule lumen, but trans-
ferred cells do home in vivo, and this
trait is the basis of an impor-
tant assay of SSC function
(Brinster and Zimmermann,
1994). Interestingly, in cases
of b1-integrin deficiency in
SSCs or Sertoli cells, a few
SSC do manage to reach the
basal membrane and initiate
spermatogenesis. However,
the rare colonies that do arise
from b1-integrin deficient
SSCs are small and exhibit in-
complete spermatogenesis.
This observation prompts
the authors to suggest that
b1-integrin plays an addi-
tional role in SSC function be-
yond that of migration to the
basal membrane. A nonhom-
ing role for the integrin in
question is somewhat unex-
pected given that once
SSCs exist within their niche,
one might expect adhesion
molecules to be unnecessary,
or at least redundant, in de-
termining the behavior of
SSCs and spermatogonia.
That is, SSCs and all other
types of spermatogonia are
packed in together within the
basal compartment of the
tubules, with the basal mem-
brane on one side and the
Figure 1. Depicting the Spermatogonial Stem Cell Niche
This figure depicts the lower part of the seminiferous epithelium at the site of
a spermatogonial stem cell (SSC) niche cut about halfway between the basal
membrane and the tubule lumen. SSCs (green) are located on the basal mem-
brane of the seminiferous tubules in close contact with the somatic Sertoli cells
(gray). Sertoli cells produce growth factors that stimulate self-renewal (GDNF
and FGF2) and, likely outside of the niche area, growth factors that stimulate
differentiation. To the lumen side of the SSC, the blood-testis barrier (BTB) is
formed by tight junctions between adjacent Sertoli cells. The SSC niches
can be found in those regions of the seminiferous tubules that border interstitial
tissue. b1-integrin plays a vital role in homing of the SSCs after transplantation
and possibly also in the regulation of SSC behavior. The adluminal compart-
ment above the BTB contains spermatocytes and spermatids, which are not
shown in this picture (empty rounded spaces).
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junctions between Sertoli cells, on the
other (Figure 1). Therefore, in contrast to
hematopoietic stem cells, which appear
to require adhesion molecules to remain
in contact with cellular components of
their niche, as opposed to being ‘‘washed
away’’ into the marrow interstitium, SSCs
seem to have nowhere to go. It will be in-
teresting to learn more about the role(s)
played by b1-integrin, b5-integrin, and
E-cadherin, also expressed in cultured
SSCs, in the spermatogenic process. In-
terestingly, E-cadherin expression is reg-
ulated by GDNF (Kanatsu-Shinohara
et al., 2008), which has a profound role
in SSC function.
The second remarkable feature of this
paper is methodological in nature. Shino-
hara and colleagues (2008) make use of
the fact that adenovirus can infect Sertoli
cells in vivo (Blanchard and Boekelheide,
1997) and can be used to transduce
SSCs in vitro (Takehashi et al., 2007).
Injection of adenovirus into the lumen of
the seminiferous tubules is sufficient to
infect only the Sertoli cell population,
whereas germ cells are not accessible to
the virus via this delivery route. With re-
spect to SSCs, the authors have recently
established a sensitive method for Cre
recombinase-mediated modification of
germ cells, including SSCs (Takehashi
et al., 2007). In this system, testicular cells
are isolated from neonatal ROSA26 Cre
reporter mice and infected with a Cre-
expressing adenovirus in vitro. Following
subsequent transplantation to recipient
mouse testes, uniform LacZ-expressing
spermatogenic colonies are formed, indi-
cating the successful delivery of Cre468 Cell Stem Cell 3, November 6, 2008 ª20recombinase to the originating, clonal
SSC. By combining these two targeting
strategies, Kanatsu-Shinohara and col-
leagues have studied the role of b1-integ-
rin during spermatogenesis and in the
homing process after SSC transplanta-
tion. The authors performed adenoviral
Cre transduction of either Sertoli cells
in vivo or SSCs in vitro, using mice that
carry loxP-flanked b1-integrin genes. This
combination of both in vivo and in vitro
methods provides a precise targeting
tool that permits the study of the interac-
tions between Sertoli cells and SSCs or
with germ cell populations in general.
This approach is especially useful to ex-
amine the function of genes that are ex-
pressed in both Sertoli cells and SSCs or
more mature germ cell subsets.
Among the stem cell systems operating
in mammals, our knowledge of SSCs
function and regulation is unusually com-
prehensive. Extensive data have been
gathered on SSC identity, cell kinetics,
and the growth factors and transcription
factors that regulate their proliferation
and self-renewal behavior. In addition, it
has become clear that SSCs are located
in specific regions of the tubule basal
membrane, and Kanatsu-Shinohara
et al. now show that the adhesion mole-
cule b1-integrin plays a nonredundant
role in both SSCs and Sertoli cells to me-
diate homing of this stem cell population
to its niche. In addition, b1-integrin also
appears to participate in the regulation
of SSC differentiation. One intriguing
question for further studies will be
whether b1-integrin is preferentially ex-
pressed in the SSC niche close to the
interstitial tissue. If so, the pattern of in-08 Elsevier Inc.tegrin expression could help define the
boundaries of the niche and distinguish
a subpopulation of SSC-supportive
Sertoli cells. b1-integrin expression may
also be heterogeneous within the SSC
population and, therefore, may be used
to subdivide the stem cell pool according
to fate and/or function.
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